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(57) ABSTRACT

A process for joining metals 1s provided, by which a core
wire of a coated electric wire can be securely joined to a
metal having a plated layer on the surface thereof. The
process 1s to assemble a wiring module 1. The wiring
module 1 has a metal piece 2, a coated electric wire 3 and
so on. A plated layer 6 made of tin 1s formed on a surface of
a matrix 5 of the metal piece 2. The coated electric wire 3
has a core wire 7. An ultrasonic welding 1s carried out after
placing a part 7a of the core wire 7 on the plated layer 6 of
the metal piece 2. The plated layer 6 1s melted so as to join
the part 7a of the core wire 7 to the matrix § and the core
wire 7 1s broken off separating the part 7a therefrom.
Another ultrasonic welding 1s carried out after further plac-
ing another core wire 7 on the part 7a joined to the matrix
S, so that the core wire 7 of the coated electric wire 3 1s
joined to the metal piece 2 through the part 7a of the core
wire 7.

2 Claims, 5 Drawing Sheets
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1
PROCESS FOR JOINING METALS

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present mvention relates to a process for joining
metals, by which a metal having a plated layer consisting of
tin or tin alloy 1s joined to a core wire of a coated electric
WIre.

(2) Description of the Related Art

For example, a wiring harness arranged 1n a motor vehicle
has wires (electric wires) and terminal metal fittings to be
attached to each end of the wires. The wire consists of a core
wire made of metal such as copper and an insulating coating,
for coating the core wire. The terminal metal fittings consists
of a matrix of electrically conductive metal and a plated
layer of tin or the like, which 1s formed on the surface of the
matrix.

So far, when the terminal metal fittings and the wire are
electrically or mechanically jomned to each other, a part of
the terminal metal fittings has been caulked to a core wire of
the wire. Therefore, for example, when the wiring harness 1s
arranged 1n a motor vehicle, there has been a possibility that
the electric connection between the terminal metal fittings
and the wire 1s cut by the vibration of the motor vehicle upon
travelling and so on.

The terminal metal fittings and the wire can be electrically
or mechanically joined to each other by brazing with using
solder. However, 1n this case, there also has been a possi-
bility that the electric connection between the terminal metal
fittings and the wire 1s cut by the vibration of the motor
vehicle upon travelling or by the corrosion of the solder
caused by the aging thereof.

SUMMARY OF THE INVENTION

It 1s therefore an objective of the present invention to
solve the above problem and to provide a process for joining
metals, by which a core wire of a coated electric wire can be
securcly joined to a metal having a plated layer on the
surface thereof.

In order to attain the above objective, the present inven-
fion 1s to provide a process for joining metals, by which a
core wire of a coated electric wire 1s joined to a first metal,
on the surface of which a plated layer 1s formed, comprising:

a first welding step, 1n which an ultrasonic welding 1s
carried out after placing a part of a core wire of the
coated electric wire on the plated layer of the first
metal, so that the plated layer 1s melted, the part of the
core wire 1s joined to a matrix of the first metal, and the
part of the core wire 1s broken off from a body of the
coated electric wire; and

a second welding step, in which an ultrasonic welding 1s
carried out after further placing another core wire of the
body of the coated electric wire on the part of the core
wire joined to the matrix, so that the two core wires are
jomned to each other.

With the construction described above, the plated layer 1s
once melted 1n the first welding step. Therefore, when the
ultrasonic welding 1s carried out, the core wire of the coated
clectric wire and the first metal are pressed 1n the direction
of approaching to each other, resulting 1n that the part of the
core wire of the coated electric wire 1s securely joined to the
matrix of the first metal. The part of the core wire of the
coated electric wire 1s broken off from the body of the coated
clectric wire.
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Thereafter, m the second welding step, an ultrasonic
welding 1s carried out after further placing another core wire
of the body of the coated electric wire on the part of the core
wire joined to the matrix, the core wire of the body of the
coated electric wire can be securely joined to the part of the
COre wire.

In this specification, the “broken off” means that the core
wire of the coated electric wire 1s cut and the part of the core
wire 1s separated from the body of the coated electric wire.
The expression of “the two core wires are joined to each
other” means that the part of the core wire 1s joined to the
another core wire of the body of the coated electric wire.

Preferably, ultrasonic oscillation energy used in the first
welding step 1s higher than that used 1n the second welding
step, and force for pressurization applied in the direction that
the core wire and the first metal approach to each other 1n the
first welding step 1s larger than that in the second welding
step.

With the construction described above, by melting the
plated layer, the part of the core wire can be securely joined
to the matrix of the first metal. Further, when the two core
wires are joined to each other, the core wire of the body of
the coated electric wire can be prevented from being broken

off.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating a wiring module,
which 1s assembled by using a process for joining metals
according to a preferred embodiment of the present mnven-
tion;

FIG. 2 1s a cross sectional view taken along a II—II line
in FIG. 1;

FIG. 3 1llustrates a constitution of an ultrasonic welding

device utilized for assembling the wiring module shown 1n
FIG. 1;

FIG. 4 1s a perspective view 1llustrating a state that a metal
piece and a part of a core wire are pressed 1n the direction

of approaching to each other when the wiring module shown
in FIG. 1 1s assembled;

FIG. 5 1s a perspective view 1llustrating a state that a part
of a core wire 1s joined to a matrix of a metal piece when the
wiring module shown 1 FIG. 1 1s assembled;

FIG. 6 1s a perspective view 1llustrating a state that
another core wire 1s placed on and pressed onto a part of a
core wire, which has been joined to a matrix of a metal piece,
when the wiring module shown 1n FIG. 1 1s assembled,;

FIG. 7 1s a cross sectional view 1llustrating a state that a
part of a core wire 1s placed on a metal piece when the wiring
module shown 1n FIG. 1 1s assembled;

FIG. 8 1s a cross sectional view 1illustrating a state that a
metal piece and a part of a core wire are pressed 1n the
direction of approaching to each other when the wiring
module shown 1n FIG. 1 1s assembled;

FIG. 9 15 a cross sectional view 1illustrating a state that a
part of a core wire 1s joined to a matrix of a metal piece when
the wiring module shown 1n FIG. 1 1s assembled;

FIG. 10 1s a cross sectional view 1llustrating a state that
another core wire 1s placed on a part of a core wire, which
has been joined to a matrix of a metal piece, when the wiring
module shown 1n FIG. 1 1s assembled; and

FIG. 11 1s a cross sectional view illustrating a state that a
part of a core wire, which has been joined to a matrix of a
metal piece, and another core wire are pressed in the
direction of approaching to each other when the wiring
module shown 1n FIG. 1 1s assembled.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, a process for joining metals according to
a preferred embodiment of the present mmvention will be
explained with reference to FIGS. 1-11. This process 1s a
process for assembling a wiring module 1 shown 1n FIG. 1.
As shown 1n FIGS. 1 and 2, the wiring module 1 has a metal
piece 2 as the first metal, a coated electric wire 3, and a part
7a of a core wire 7 (explained later on).

The metal piece 2 1s formed 1n a relatively thin plate-
shape having a plate-shaped matrix 5 and a plated layer 6
formed on one surface of the matrix 5. The matrix § 1s made
of an electrically conductive metal. In the figure as an
example, the matrix 1s made of brass. For example, the
plated layer 6 1s made of tin or tin alloy. In the figure as an
example, the plated layer 6 1s made of tin.

The coated electric wire 3 1s formed 1n a round-shape for
the cross sectional view thereof. The coated electric wire 3
has a core wire 7, the cross section of which has a round
shape, and a coating 8 for coating the core wire 7. The core
wire 7 consists of one electrically conductive wire or a
plurality of electrically conductive wires twist with each
other.

The electrically conductive wire constituting the core wire
7 1s made of an electrically conductive metal such as copper,
copper alloy, aluminum, and aluminum alloy. In the figure as
an example, the conductive wire constituting the core wire
7 1s made of copper. The core wire 7 has flexibility. The
coating 8 1s made of synthetic resin having electrically
insulating properties and flexibility.

The part 7a of the core wire 7 1s formed being separated
from the core wire 7. The part 7a consists of one electrically
conductive wire or a plurality of electrically conductive
wires twist with each other. The conductive wire constituting,
the part 7a 1s, of course, made of conductive metal. In the
figure as an example, the conductive wire constituting the
part 7a 1s made of copper.

In the wiring module 1, the part 7a of the core wire 7 1s
placed on the plated layer 6 of the metal piece 2 and another
core wire 7 of the body of the coated electric wire 3 1s placed
on the part 7a. Thereby, the matrix 5 of the metal piece 2 1s
joined to the part 7a, to which the core wire 7 of the body
of the coated electric wire 3 1s joined.

The metal piece 2, the part 7a of the core wire 7 and the
core wire 7 of the body of the coated electric wire 3 are fixed
to each other by using an ultrasonic welding device 19
(shown in FIG. 3), thereby the wiring module 1 is obtained.
As shown m FIG. 3, the ultrasonic welding device 19
consists of a voltage-variable power supply 22, generator 23,
oscillator 24, hone 25, chip (or tool hone) 20, anvil 21 facing
the chip 20, and control device 26.

The voltage-variable power supply 22 applies a voltage to
the generator 23. The voltage-variable power supply 22
changes the voltage to be applied to the generator 23 1n
response to a command from the control device 26. The
ogenerator 23 oscillates the oscillator 24, to which the hone
25 1s attached. The chip 20 1s attached to an end of the hone
25. The control device 26 controls the operation of the
ultrasonic welding device 19 by controlling the value of the

applied voltage and the period of time for voltage applica-
fion.

The ultrasonic welding device 19 puts objects to be
welded to each other between the chip 20 and the anvil 21,
then a pressure 1s applied thereto in the direction that the
chip 20 and the anvil 21 approach to each other and then, the
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cgenerator 23 oscillates the oscillator 24 so as to transmit the
oscillation to the chip 20 through the hone 25. The ultrasonic
welding device 19 gives an ultrasonic oscillation energy to
the objects to be welded, which 1s put between the chip 20
and the anvil 21, thereby welding the objects to each other.

In this specification, the oscillation energy 1s defined as
the energy that the ultrasonic welding device 19 gives to the
objects to be welded when the objects are welded to each
other. For example, the oscillation energy is the energy,
which can be calculated by multiplying the value of electric
power (watt) upon the voltage application by the period of
time for voltage application.

When the wiring module 1 1s assembled, that 1s, when the
part 7a of the core wire 7 of the metal piece 2 1s to be fixed
to the core wire 7 of the body of the coated electric wire 3,
a part of the coating 8 1s removed 1n advance so as to expose
the portion including the part 7a of the core wire 7. In the
figure as an example, the coating 8 located at an end 3a of
the coated electric wire 3 1s removed.

As shown 1 FIG. 7, the metal piece 2 1s placed on the
anvil 21 so that the plated layer 6 faces the chip 20. The part
7a of the core wire 7 1s placed on the plated layer 6 of the
metal piece 2 and an end surface of the chip 20 comes into
contact with the part 7a of the core wire 7. Thus, the metal
piece 2 and the part 7a of the core wire 7 are put between

the chip 20 and the anvil 21.

Thereafter, a pressure that 1s high almost enough to cut the
core wire 7 1s applied thereto in the direction that the chip
20 and the anvil 21 approach to each other, along arrows Pal
and Pa2 shown in FIG. 8. Thereby, as shown i FIGS. 4 and
8, the part 7a 1s deformed from a round shape to an elliptic
shape 1n the cross sectional view thereof. At this time, the
force applied along the arrows Pal and Pa2 is larger than the
force applied along arrows Pbl and Pb2 (explained later on).

Thereafter, the ultrasonic welding device 19 1s operated so
that the voltage-variable power supply 22 applies the voltage
to the generator 23, the generator 23 oscillates the oscillator
24, and the oscillation 1s transmitted to the chip 20 through
the hone 25. At this time, the ultrasonic oscillation energy
that the ultrasonic welding device 19 gives 1s high almost
enough to melt the plated layer 6 due to the frictional heat
between the plated layer 6 and the part 7a of the core wire
7. As 1s mentioned later on, this ultrasonic oscillation energy
1s higher than an ultrasonic oscillation energy that the
ultrasonic welding device 19 gives when the core wire 7 of
the body of the coated electric wire 3 1s joined to the part 7a.

The frictional heat occurs between the part 7a of the core
wire 7 and the plated layer 6 due to the oscillation, thereby
a part of the plated layer 6 melts. Since the pressure 1s
applied 1 the direction that the chip 20 and the anvil 21
approach to each other along arrows Pal and Pa2, the part
7a of the core wire 7 1s deformed 1n the direction that the
thickness of the part 7a 1s thinned, said thickness being the
thickness of the part 7a 1n the direction that the chip 20 and
the anvil 21 approach to each other or part away from each
other, and a part of the melted plated layer 6 1s removed from
between the part 7a of the core wire 7 and the matrix 5.

Thereafter, the part 7a of the core wire 7 comes 1nto
contact with and makes the metallic bond with the matrix §
in the solid phase thereof without melting. Since the force
applied along the arrows Pal and Pa2 1s large, the core wire
7 of the coated electric wire 3 1s cut and the part 7a is
separated from the core 7 of the body of the coated electric
wire 3 as shown 1n FIG. 5. Thus, the core wire 7 1s broken
off and the part 7a of the core wire 7 1s joined to the matrix
5 of the metal piece 2 by the ultrasonic welding as shown 1n
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FIG. 9. The first welding step includes that the part 7a of the
core wire 7 1s placed on the plated layer 6, the plated layer
6 1s melted, the part 7a of the core wire 7 1s joined to the
matrix 5, and the part 7a of the core wire 7 1s broken off from
the body of the coated electric wire 3.

As shown 1n FIG. 10, the operation of the ultrasonic
welding device 19 1s once halted, then another core wire 7
of the body of the coated electric wire 3 1s placed on the part
7a of the core wire 7, which has been joined to the metal
piece 2. The 7a of the core wire 7 and the another core wire
7 of the body of the coated electric wire 3 are put between
the chip 20 and the anvil 21. At this time, the metal piece 2
1s placed on the anvil 21 and the another core wire 7 of the

body of the coated electric wire 3 comes 1nto contact with
the end surface of the chip 20.

Thereafter, a pressure 1s applied in the direction that the
chip 20 and the anvil 21 approach to each other along the
arrows Pal and Pa2 shown in FIG. 11. Then, as shown 1n
FIGS. 6 and 11, the core wire 7 1s deformed from a round
shape to an elliptic shape 1n the cross sectional view thereof.

Thereatter, the ultrasonic welding device 19 1s operated so
that the voltage-variable power supply 22 applies the voltage
to the generator 23, the generator 23 oscillates the oscillator
24, and the oscillation 1s transmitted to the chip 20 through
the hone 285.

Then, the oscillation occurs between the part 7a joined to
the metal piece 2 and the core wire 7 of the body of the
coated electric wire 3, thereby the core wire 7 and the part
7a are joined to each other by the ultrasonic welding. Thus,
the core wire 7 of the coated electric wire 3 1s joined to the
metal piece 2 through the part 7a, thereby the wiring module
1 1s obtained. The second welding step includes that the
another core wire 7 of the coated electric wire 3 1s placed on
the part 7a of the core wire 7 joined to the metal piece 2, and
the core wire 7 and the part 7a are joined to each other.

The process for joining metals to assemble the wiring
module 1 as described above i1s applicable, for example,
when the core wire 7 of the coated electric wire 3 1s joined
to a terminal metal fittings as a metal, on the surface of
which the plated layer made of tin and the like.

In the preferred embodiment, by the ultrasonic welding,
the plated layer 6 1s once melted and the part 7a of the core
wire 7 of the coated electric wire 3 1s joined to the matrix 5
of the metal piece 2. At this time, the core wire 7 1s broken
off and the part 7a 1s separated. Then, the another core wire
7 of the body of the coated electric wire 3 1s joined to the part
7a by the ultrasonic welding.

Since the plated layer 6 1s once melted, the 7a of the core
wire 7 made of copper can be securely jomned to the metal
piece 2, on the surface of which the plated layer 6 made of
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tin that 1s hard to be joined 1s formed. Therefore, the core
wire 7 of the coated electric wire 3 can be securely joined to
the metal piece 2 through the part 7a.

Further, the ultrasonic oscillation energy utilized when the
part 7a of the core wire 7 is joined to the matrix S (the first
welding step) is higher than that utilized when the another
core wire 7 of the coated electric wire 3 1s joined to the part
7a of the core wire 7 joined to the matrix § (the second
welding step). Furthermore, the force for the pressurization
along the arrows Pal and Pa2 applied when the part 7a of the
core wire 7 1s joined to the matrix 5 (the first welding step)
1s larger than that applied when the another core wire 7 of
the coated electric wire 3 1s joined to the part 7a of the core
wire 7 joined to the matrix § (the second welding step).

Consequently, by melting the plated layer 6, the part 7a of
the core wire 7 can be securely joined to the matrix 5 of the
metal piece 2. Further, when the core wire 7 of the coated
clectric wire 3 1s joined to the part 7a, the core wire 7 of the
body of the coated electric wire 3 can be prevented from
being broken off.

With the construction of the present invention, the core
wire of the coated electric wire can be securely joined to the
first metal, on the surface of which the plated layer is
formed, through the part of the core wire.

What 1s claimed 1s:

1. A process for joining metals, by which a core wire of
a body of a coated electric wire 1s joined to a first metal, on
the surface of which a plated layer 1s formed, comprising:

a first welding step, 1n which ultrasonic welding 1s carried
out after placing a part of the the core wire of the body
of the coated electric wire on the plated layer of the first
metal, so that the plated layer 1s melted, the part of the
core wire 1s joined to a matrix of the first metal, and the
part of the core wire 1s broken off from the remaining
core wire of the body of the coated electric wire; and

a second welding step, 1n which an ultrasonic welding 1s
carried out after placing a part of the remaining core
wire of the body of the coated electric wire on the part
of the core wire jomned to the matrix in said first
welding step, so that the two parts of the core wire of
the body of the coated electric wire are joined to each
other.

2. The process for joining metals according to claim 1,
wherein ultrasonic oscillation energy used 1n the first weld-
ing step 1s higher than that used in the second welding step,
and force for pressurization applied in the direction that the
core wire and the first metal approach to each other 1n the
first welding step 1s larger than that in the second welding
step.
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